Purpose: To investigate 1) the development in the incidence of ESBL-producing bacteria in hospitals and primary health care, 2) the contribution of primary health care to the incidence of ESBLproducing bacteria, and 3) the development in resistance patterns for all Escherichia coli and Klebsiella pneumoniae isolates in relation to antimicrobial consumption in hospitals and primary health care. Methods: ESBL-data were retrospectively collected from bacterial isolates from all specimens received at the Department of Clinical Microbiology from 2003 to 2011 together with the corresponding patient data. ESBL-production was detected in isolates from 1067 of 59,373 patients (1.8%) with an E. coli infection and in 263 of 8660 patients (3.0%) with a K. pneumoniae infection. Results: From 2003 to 2009, an increase in patients with an ESBL-producing isolate occurred in both hospitals and primary health care at the same time as an increased consumption of broad-spectrum antimicrobial agents was seen. Interventions to reduce prescription of cephalosporins and ciprofloxacin at the hospitals from 2010 resulted in a remarkable decrease in patients with ESBL-producing K. pneumoniae whereas a continuing increase was seen in patients with ESBL-producing E. coli both at hospitals and in primary health care. The proportion of patients with community-acquired ESBL-producing E. coli was stable with an increase of only 1.4% from 2007 to 2011. Conclusions: Reduction in prescription of broad-spectrum antimicrobial agents * Corresponding author.
Introduction
The increasing frequency of extended spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae in recent years is of great concern worldwide [1] - [3] . ESBL-producing Enterobacteriaceae are resistant to all penicillins, cephalosporins and monobactams. Furthermore, they are inhibited by clavulanic acid, placing them in the functional group 2be of the Bush-Jacoby-Medieros classification system [4] [5] . The ESBL-genes are located on plasmids which also often carry genes coding for resistance to aminoglycosides and fluoroquinolones; these plasmids can easily be transferred between Enterobacteriaceae, especially E. coli and K. pneumoniae [1] - [5] . The CTX-M enzymes are the most widespread ESBL-enzymes, and several outbreaks have been reported in recent years, most caused by clonal spread of CTX-M-15-producing K. pneumoniae strains in the hospitals [6] and E. coli strains in the community [7] . Small hospital outbreaks have primarily been reported from the Scandinavian countries with mainly CTX-M-15 K. pneumoniae, but there has been one large hospital outbreak in Uppsala, Sweden from 2005 to 2007 with more than 300 cases [8] .
In Denmark, there is no mandatory reporting and no national surveillance of ESBL-producing Enterobacteriaceae, but nationwide prevalence studies in 2007, 2009 , and 2011 have revealed high prevalences of ESBLproducing isolates, being much higher than the incidences seen in Norway and Sweden [9] - [12] . The Scandinavian countries have generally had a lower consumption of broad-spectrum antimicrobial agents compared to Europe as a whole [13] . The consumption of these antimicrobial agents has, however, increased with 70% from 2002 to 2011 in Denmark [10] . A decrease in consumption of broad-spectrum antimicrobial agents has been documented from 2009 to 2011 in hospitals, but an increase is still on-going in primary health care with the highest observed consumption in 2011 since reporting from DANMAP (The Danish Integrated Antimicrobial Resistance Monitoring and Research Programme) began in 1995 [10] . This is the first Danish study looking at both the incidence of ESBL-producing E. coli and K. pneumoniae and the consumption of antimicrobial agents in primary health care and hospital care during a period of nine years from 2003 to 2011.
The aims of this study were to investigate 1) the development in the incidence of ESBL-producing bacteria from 2003 to 2011 in hospitals and primary health care in the Copenhagen area referring to the Department of Clinical Microbiology at Herlev Hospital, 2) the contribution from primary health care to the incidence of ESBL-producing bacteria, 3) the development in antimicrobial resistance patterns of E. coli and K. pneumoniae isolates in relation to the antimicrobial consumption in the hospitals in general, in selected wards, and in primary health care.
Patients and Methods

Susceptibility Testing and ESBL-Testing Methods Employed
Antibiotic susceptibility testing was until October 2009 done by the disk diffusion method using Oxoid TM disks (Basingstoke, UK) with semi-confluent growth on Iso-sensitest agar without blood (Substrate Department, Herlev University Hospital) and with breakpoints according to SRGA (The Swedish Reference Group for Antibiotics) [14] . After this date susceptibility testing was done using mueller hinton agar (Substrate Department, Herlev University Hospital) with confluent growth and breakpoints according to EUCAST (The European Committee on Antimicrobial Susceptibility Testing) [15] . The following agents were tested: ampicillin, mecillinam, cefuroxime, gentamicin, tobramycin, sulfamethizole, trimethoprim, nitrofurantoin, ciprofloxacin, meropenem, and cefpodoxime. Piperacillin-tazobactam was not routinely used before 2011.
Various ESBL-testing methods were used during the study period, as shown in Table 1 . Until October 2009 only clavulanic acid was used as inhibitor of beta-lactamases, thereby missing detection of the AmpC-enzyme and isolates containing both ESBL and AmpC. From October 2009 a new method using the Mast group ABCD [16] was introduced in the laboratory. This consists of different combinations of cefpodoxime, clavulanic acid and/or cloxacillin enabling detection of isolates with ESBL-and/or AmpC-enzymes. Isolates only containing AmpC-enzymes were not included in 2010 and 2011 in order to compare the development in incidences with the previous years.
Collection of ESBL Data
From 2003 to 2010, the Department of Clinical Microbiology at Herlev Hospital served the former Copenhagen county area with three university hospitals and one district hospital with a population of approximately 620,000 in the catchment area. From January 2011 this was reduced to two university hospitals and a population of 423,000 in the new catchment area.
Data were collected from all specimens received at the Department of Clinical Microbiology in the study period. All phenotypically ESBL-producing isolates of E. coli and K. pneumoniae with antimicrobial susceptibilities were extracted from the laboratory data system. The following data were collected from the database: age and sex of patients, hospital versus community acquired infection, hospital ward, type of specimen, and relation between detection of the first ESBL isolate to current or prior hospitalization. The resistance patterns of the ESBL isolates were compared to the resistance patterns of the non-ESBL E. coli and K. pneumoniae isolates from the same time period.
For the ESBL-producing isolates only one isolate per patient per year was included. For the non-ESBL isolates all isolates were included. The extraction of one isolate per patient per year was done manually, and due to the high number of patients with non-ESBL isolates this was not possible for these isolates.
Distinction between Community-Acquired and Health Care Associated Infections
As fecal carriage of ESBL presumably precedes most cases of ESBL-infections, the usual definitions of infections as hospital or community acquired may not be valid. In order to obtain a more realistic view of the number of patients with true community acquired ESBL-producing isolates, we categorized patients according to the time elapsed between their latest hospital discharge and the first finding of an ESBL-producing isolate from them. The following seven categories were defined: acquisition during hospitalization, acquisition within 3 months, 3 -6 months, 6 -12 months, 1 -2 years, 2 -5 years, and later than 5 years after discharge or not at all. Hospital admissions lasting only one day were not included. These alternative definitions of hospital acquired ESBL-infections (hospitalization within two years before the first finding of an ESBL isolate) and community acquired ESBL-infections (discharge from hospital two years after the first finding of an ESBL isolate) are discussed below.
Antimicrobial Consumption in Hospital Care and Primary Health Care
Data were provided from the Hospital Pharmacy at Herlev Hospital and from the Danish Health and Medicines Authority for Primary Health Care in the Copenhagen area. Data were provided as defined daily dose (DDD)/ year, as the total number of bed days was not available for all the hospitals, but only the medical wards.
Results
Demographic Data for ESBL Isolates and Patients with an ESBL Isolate
The total number of patients with an E. coli isolate for all nine years was 59,373, with a mean of 6597 patients per year. Overall 1067 patients had an infection with an ESBL-producing E. coli during the study period: 691 women and 376 men with a mean age of 63 years and a range of 2 months to 100 years.
The total number of patients with a K. pneumoniae isolate was 8660, with a mean of 962 patients per year. Overall 263 patients had an infection with an ESBL-producing K. pneumoniae during the study period: 135 women and 128 men with a mean age of 71 years and a range of 1 to 98 years. 
ESBL-Testing Methods
The application of the new four-disc method that detects both AmpC and ESBL in 2010 resulted in the finding of two out of 167 K. pneumoniae isolates with both AmpC and ESBL (1.2%) in 2010 and two of 123 (1.6%) in 2011. For ESBL-positive E. coli isolates there were 17 out of 505 isolates having both resistance mechanisms in 2010 (3.4%) and 19 out of 568 isolates in 2011 (3.3%). Table 3 shows the development in resistance for hospitals and primary care combined in ESBL-producing and non-producing isolates towards the commonly used antimicrobial agents in Denmark. Only one ESBL isolate per patient per year was included.
Resistance Patterns in ESBL-Producing and Non ESBL-Producing Isolates
There are major differences between ESBL-producing and non-producing E. coli isolates regarding percentage of resistant isolates, as seen in Table 3 (a). All ESBL isolates are inherently resistant to ampicillin, but there was an increase in resistance towards this agent in non-ESBL isolates from 41% in 2003 to 47% in 2011. For ciprofloxacin there was an increase from 7% to 17% in non-ESBL isolates and from 33% to 68% (76% in 2009) in ESBL isolates during the study period. High and almost stable resistances throughout the study period was seen to sulfamethizole and trimethoprim; in non-ESBL isolates resistance was 36% -40% for sulfamethizole, in ESBL isolates 66% -84%. Trimethoprim resistance was 24% -28% in non-ESBL isolates and 63% -77% in ESBL isolates. Resistance to gentamicin was low and stable during the nine years in non-ESBLs (1.5% -5%), whereas it was higher and stable around 33% -46% in ESBLs from 2006 to 2011. Resistance to tobramycin was on the same low level as gentamicin in non-ESBLs, but lower than gentamicin in ESBLs (24% -39%) from 2006 to 2011.
In non-ESBLs, resistance to mecillinam was low (4% -8%), whereas in ESBLs there are only data for 2010 (10%) and 2011 (9%). Before that time mecillinam was routinely reported as resistant in ESBL-producing isolates. As mentioned above, isolates were not routinely examined for resistance towards piperacillin-tazobactam before 2011; the percentage of E. coli isolates resistant to piperacillin-tazobactam was 5% for ESBL-producing isolates and 2.3% for non-ESBL isolates in 2011 (data not shown).
As shown in Table 3 (b), there are also major differences in ESBL and non-ESBL K. pneumoniae isolates regarding percentage of resistant isolates, but the resistance pattern is similar to E. coli regarding most of the antimicrobial agents, e.g. ciprofloxacin, sulfamethizole, and trimethoprim. Due to a small number of ESBL isolates (<10) in 2003-2005, only results from 2006 to 2011 are reported. Resistance to gentamicin and tobramycin has been low and stable during the nine years in non-ESBLs (0% -6%), whereas it has been high and increasing in ESBLs from 50% in 2006 to 65% in 2011 for gentamicin and from 30% in 2006 to 53% in 2011 for tobramycin. Compared to E. coli there is a high resistance towards nitrofurantoin both in ESBL (30% in 2011) and non-ESBL isolates (22% in 2011). In 2011 the percentage of K. pneumoniae isolates resistant to piperacillin-tazobactam was 8.3% for ESBL-producing isolates and 0.3% for non-ESBL isolates (data not shown).
Trends in Occurrence of Patients with ESBL Isolates from 2003 to 2011
The proportion of patients with an ESBL-producing isolate in relation to the total number of patients with an infection due to E. coli (Figure 1(a) ) and K. pneumoniae (Figure 1(a) ) has been steadily increasing from 2003 to 2011. However, from 2010 to 2011 there has been a small decrease in the incidence of patients with an ESBLproducing K. pneumoniae isolate, especially in hospital-acquired cases. The same tendency was not observed for patients with an ESBL-producing E. coli isolate where a continuing increase was seen both in hospitals and in primary health care. There was a remarkable increase in the proportion of ESBL-producing E. coli in patients with bacteraemia compared to the total number of patients with an ESBL-producing E. coli. This phenomenon was not observed for ESBL-producing K. pneumoniae. The total number of new patients with an ESBL-producing E. coli If patients who were discharged from hospital within three months after detection of their first ESBL-producing isolate were included in the group acquiring their first ESBL isolate during hospitalization, the decline from 2005 to 2011 would only be from 52% to 47%. This indicates that the above mentioned difference could be due to patients being discharged earlier at the end than at the beginning of the study period and not due to a regular decrease in hospital acquired incidence. The proportion of patients never hospitalized grew from 19.8% in 2005 to 24.1% in 2011. If patients belonging to the group "not hospitalized within 2 years before presenting with an ESBL isolate" were added to patients never hospitalized, the incidence was stable from 31 
Antimicrobial Consumption and ESBL-Producing Isolates
The overall consumption of antimicrobial agents and incidence of ESBL-producing E. coli and K. pneumoniae from 2003 to 2011 in hospital care and in primary health care can be seen in Figure 3 and Figure 4 , respectively. As illustrated in Figure 3 , there has been an increase in the total consumption of cephalosporins and fluoroquinolones from 2003 to 2009 and at the same time an increase in incidence of ESBL-producing isolates, especially K. pneumoniae. In 2010 a decrease in consumption of these antimicrobial agents was followed by a decrease in ESBL-producing K. pneumoniae but not in ESBL-producing E. coli. There has been an increased consumption of piperacillin-tazobactam, mecillinam and meropenem from 2003 to 2010. During the same time span there has been a decreased consumption of gentamicin, sulfamethizole, and trimethoprim. Figure 4 shows that there has been an increased consumption of mecillinam, amoxicillin with clavulanic acid, nitrofurantoin, and trimethoprim in the primary sector from 2003 to 2010. At the same time there has been a decrease in consumption of pivampicillin and sulfamethizole. An increased use of ciprofloxacin was seen until 2007 but has since declined. An increase in incidence of ESBL-producing isolates, especially in K. pneumoniae, has occurred until 2009. From 2009 there has been a decrease in ESBL-producing K. pneumoniae isolates, but not in ESBL-producing E. coli isolates.
The Department of Internal Medicine at Herlev Hospital with a high incidence of ESBL-producing strains initially had a high consumption of broad-spectrum antimicrobial agents/1000 bed days; but a gradual reduction in the use of fluoroquinolones and cephalosporins during 2009-2011 was followed by a decrease in ESBL-strains, especially K. pneumoniae, as illustrated in Figure 5 . The use of fluoroquinolones and cephalosporins declined and at the same time the use of piperacillin-tazobactam and to a lesser extent meropenem increased. The same tendency was also seen at other departments.
Discussion
In a few years, Denmark went from being a low to being a high prevalence country with regard to ESBL-producing bacteria. The first sporadic cases were described in 1999, both patients having been hospitalized abroad Curves in relation to the right ordinate show patients with an ESBL-producing E. coli in relation to the total number of patients diagnosed with E. coli for each year (filled circles): and patients with an ESBL-producing K. pneumoniae in relation to the total number of patients diagnosed with K. pneumoniae for each year (filled squares).
[17]. Small prospective studies performed in 2001 and 2003 revealed a low prevalence [18] . No national surveillance had taken place in Denmark until a large nationwide prevalence study was done in 2007 and repeated in 2009. These two studies covered 95% of the Danish population and showed an overall increase in cases of ESBL-producing E. coli bacteraemias from 4.2% in 2007 to 7% in 2009 [9] , and of ESBL-producing K. pneumoniae bacteraemias from 5% in 2007 to 14.6% in 2009. A follow up prevalence study was performed in 2011 and showed a decrease in the number of ESBL-producing E. coli and K. pneumoniae bacteraemia isolates from 2009 to 2011. A small increase (1%) was, however, seen in the same period in E. coli urine isolates from primary health care and hospitals [10] . The overall increase in incidence of patients with an ESBL-producing E. coli isolate in hospitals and primary health care seen in our study was comparable to the national prevalence studies. From 2010 to 2011 there was a decrease in the incidence of patients with an ESBL-producing K. pneumoniae isolate, especially in hospital-acquired cases, the same tendency as seen in the prevalence studies from 2009 to 2011.
As seen in our study there was an increase in antimicrobial consumption of cephalosporins and ciprofloxacin from 2003 to 2009 followed by a gradual decrease in 2009-2011. This change in consumption of broad-spectrum antimicrobials was not due to new guidelines for prescription of antimicrobial agents, but possibly to the concerted effort of clinicians and the Department of Clinical Microbiology. This effort was initiated in 2009 and followed by antibiotic audits with feedback in 2010-2011 in two departments with an initially high incidence of ESBL-producing strains. The incidence of ESBL-producing K. pneumoniae strains decreased remarkably as the consumption of cephalosporins, especially cefuroxime, declined in the Department of Internal Medicine, and to a lesser extent in the Department of Urology. The decrease in consumption of broad-spectrum antimicrobials in the area hospitals coincided with a decrease in the incidence of ESBL-producing K. pneumoniae, whereas the incidence of ESBL-producing E. coli continued to increase. The decrease in incidence of ESBL-producing K. pneumoniae can possibly also be explained by efforts to combat these bacteria in all the hospitals in greater Copenhagen, because transferral of patients between hospitals in the area is very common. Thus, an intervention study performed during 2010 at a neighbouring university hospital with implementation of new guidelines for antibiotic use resulted in a significant decline in ESBL-producing Klebsiella pneumoniae isolates [19] . Several other studies have shown that antibiotic stewardship with a restriction in prescriptions of broad-spectrum antimicrobials, especially cephalosporins and fluoroquinolones, is an important tool in diminishing the incidence of multidrug resistant microorganisms such as ESBL-producing bacteria [20] - [23] . It is difficult to get an exact estimate of the real contribution from primary health care to the incidence of new patients with an ESBL isolate because of the presumed fecal colonization with these bacteria before onset of infection. A very high number of our patients had been hospitalized previously, as described above. In an attempt to further elucidate the role of primary health care, we have presented the proportion of new cases with an ESBL-producing isolate in relation to previous hospitalization by modifying the definition of health care associated bloodstream infection suggested by Friedman et al. [24] . Using these criteria, Ben-Ami et al. [25] found that 65 of 80 patients (81%) with an ESBL isolate from blood, obtained within two days of admission, to be hospital associated for both K. pneumoniae and E. coli. The study included patients admitted from nursing homes and patients receiving intravenous therapy at home in the group of patients with hospital associated infections. In our study, we were only able to look at previous hospitalization, because we had no data from nursing homes, and intravenous therapy at home is not used in Denmark. The number of patients in hemodialysis with new ESBL isolates was very low and not included in our study. When looking only at the patients with an ESBL-producing K. pneumoniae, 70% -80% of these patients had hospital associated infections, similar to the findings by Ben-Ami et al. [25] .
There are not many reports on nosocomial transmission of ESBL-bacteria in hospitals, and as far as we know none on how many patients acquire fecal carriage of ESBL during hospitalization. The few studies of duration of intestinal colonization of ESBLs have found carriage times from three months to more than three years [26] - [30] with a mean carriage time of six months. Kola et al. required three cultures without ESBL-producing bacteria from perirectal screening or stools before declaring a patient free from ESBLs, whereas other studies only used one negative culture. These varying procedures may explain the difference found in the duration of the carrier state. As the duration of the carrier state varies between patients, one would expect an overlap between "true" contributions to the incidence of new cases of community and hospital acquired infections for any time period considered. Despite this expected overlap, a close linear association was found for patients with an new ESBL-producing E. coli isolate more than 24 months after hospital discharge with a slight but steady increase in the contribution from the community to the incidence of ESBL. It is however important to notice that a major contribution to the increase in the incidence of ESBL-producing isolates in our setting presumably comes from the hospitals with regard to both K. pneumoniae and E. coli. For ESBL-producing Klebsiella pneumonia, it was not possible to find any trend in the contribution from primary health care. This may be due to the small number of cases, but it is also possible that the incidence of ESBL-producing Klebsiella pneumoniae follows another epidemiological pattern.
As shown in our study, the resistance patterns in E. coli and K. pneumoniae non-ESBL isolates are rather similar regarding most of the antimicrobial agents. The increase in ciprofloxacin resistant strains is noteworthy, being most pronounced in ESBL strains. The increase in resistance to ciprofloxacin was associated with an increase in consumption of ciprofloxacin at the same time in both hospitals and primary health care. For non-ESBL strains the resistance towards aminoglycosides was below 5% throughout the period. For the ESBL-producing K. pneumoniae strains the resistance to gentamicin was associated with the resistance to ciprofloxacin, being 50% -65%. This suggests that these two resistance mechanisms are coupled, as described by others [31] [32]. The same phenomenon was not seen in E. coli isolates from 2006 to 2011 (70% for ciprofloxacin versus 40% for gentamicin). A high and increasing resistance to trimethoprim from 65% to 80% was seen in the ESBL isolates, while the non-ESBL isolates only showed a slight increase. This is in accordance with other studies [33] .
It has been argued, that the widely used double diffusion disc method with cephalosporin/cephalosporin and clavulanic acid underreports the incidence of ESBL-producing isolates, because isolates containing genes for both AmpC-and ESBL-enzymes are not identified [34] . The Mast method was therefore introduced in our department in 2009, but only detected a few extra ESBL isolates. This shows that a combination of both resistance mechanisms is not common in Danish isolates at the present time.
During the last 16 years, there has been a national surveillance of consumption of antimicrobial agents in both humans and production animals in Denmark. During these years, there has been a steady increase in consumption of broad spectrum antimicrobials, especially cephalosporins and fluoroquinolones in humans [10] . As a consequence of the high and increasing consumption of broad-spectrum antimicrobials with ensuing increasing antibiotic resistance, an antibiotic council was established in 2010. This has resulted in a countrywide plan for reduction of the use of broad-spectrum antimicrobials in humans and animals. Also, the National Board of Health has recently published guidelines for prescription of antimicrobial agents to humans [35] . Some countries, e.g. Sweden and the Netherlands, have established nationwide surveillance programs for ESBLproducing Enterobacteriaceae and guidelines for infection control and prevention [36] [37] , but this has not yet been done in Denmark. Great efforts are made on the national and local level to reduce consumption of broadspectrum antibiotics in the hospitals, but much remains to be done in the hospitals and primary health care. Furthermore, more research is essential in this field, especially larger studies concerning long-term faecal carriage of ESBL-producing Enterobacteriaceae.
Conclusion
The present study showed a coincident increase in patients with an ESBL-producing isolate and consumption of broad-spectrum antimicrobial agents both in hospitals and in primary health care from 2003 to 2009. Interventions to reduce prescription of cephalosporins and ciprofloxacin at the hospitals from 2010 resulted in a remarkable decrease in patients with ESBL-producing K. pneumoniae whereas a continuing increase was seen in patients with ESBL-producing E. coli both at hospitals and in primary health care. During the study period, there was only a slight but steady increase in the contribution from the community to the incidence of ESBL-producing E. coli.
